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© Method and apparatus for timed de-Icing. 

© An all solid state timer-controller for the timed, 
sequential application of electrical current to toads 
within a circuit at high amperage, the circuit finding 
utility in the application of electrical current to de- 
icers employed aboard aircraft 
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METHOD AND APPARATUS FOB TIMED DE-ICING 



HELD OF THE INVENTION 

This invention relates to sequencing control 
timers typically finding use in applying Blectrlcal 
current sequentially to loads within a circuit for 
desrred time periods. More particularly, this inven- 
tion relates to solid state sequencer controllers 
finding utility in the sequenced application of elec- 
trical current for desired time periods to elec- 
trothermal de-icers utilized in preventing or remov- 
ing ice accretions from ice accreting surfaces such 
as aircraft airfoils. 



BACKGROUND OP THE INVENTfON 

Structures for either removing ice accretions 
from surfaces or preventing the accretion of ice on 
suseptible surfaces such as those associated with 
wings, tail surfaces, and struts of aircradft are well 
known. Where such devices prevent the accumula- 
tion of ice the devices are called anti-icers. 

Where such devices periodically remove ice 
accumulations, the devices are frequently referred 
to as de-icers. 

Anti-icers typically include two basic ap- 
proaches, one approach being the introduction on 
to the surface of a fluid having an inherent property 
of suppressing the formation of. ice; the second 
being the heating of an ice accreting surface to 
maintain a continuous surface temperature suffi- 
ciently elevated to foreclose the formation of ice 
thereover. For de-icers, de-icing methods typically 
fall into one of three categories, one being the 
introduction of a fluid beneath Ice accumulations 
upon the tee accreting surface to weaken the bond 
between the surface and the ice thereby allowing 
the force of fluid such as air moving over the 
surface to remove the ice; the second being the 
heating of the surface periodically to weaken the 
bond between the surface and the ice to allow 
removal by the eirstream; the third being periodic 
distortion of the ice accreting surface by inflating, 
for example, a pneumatic de-icer applied thereover. 

With respect to thermal means for anti-icing or 
de-Icing ice accreting surfaces, heating is typically 
accomplished by either the use of electrothermal 
pads appllsd over or immediately beneath an ice 
accreting surface or by the introduction beneath 
the ice accreting surface of a fluid, such as gases 
drawn from a compressor stage of a turbine en- 
gine, sufficiently elevated in temperature to provide 
a desired anti-icing or de-icing functloa Where 
anti-icing is to be accomplished, typically any 



source of heat employed in effecting anti-icing is 
operated in a continuous manner. So. electrother- 
mal pads employed for anti-icing are generally 
activated continuously during those time periods 

5 wherein anti-icing capability is desired. 

Conversely, for de-icing capability, electrother- 
mal pads are typically operated intermittently. Inter- 
mittent operation is desirable in part because of the 
weight and power consumption characteristics of 

w electrical generating equipment necessary for the 
operation of electrothermal de-icing pads. By op- 
erating such pads for timed periods only, and 
sequencing the operation of such pads so that 
relatively few are operating during any particular 

F5 time period, the size and power drain associated 
with electrical generating equipment sufficient to 
support electrothermal de-icing is significantly re- 
duced. 

in order that electrothermal de-icing pads be 

20 operated in an orderly, sequenced fashion, each for 
a desired time period, it has been necessary to 
provide timer-sequencers operably connected to 
the de-icer pads and a source of electrical current 
employed in operating the de-icer pads configured 

26 to sequence properly application of electrical cur- 
rent to electrothermal pads. Typically, such timer- 
sequencers or timer controllers have IncJuded an 
electro-mechanical device configured to apply se- 
quentially, electrical current for desired time 

oo periods to various electrothermal de-icing pads 
aboard an aircraft These de-icer pads represent in 
such application electrical loads within a load cir- 
cuit that begins with a source of electrical current 
and ends at a point of low reference voltage by 

55 which the electrical current flow returns to the 
source of electrical current after passing through 
the loads. 

in electro-mechanical timer-controllers, the cur- 
rent flowing to a particular load flows through the 

40 timer-controller via contacts within the mechanical 
sequencing device. The electro-mechanical 
sequencing device or timer conroller. by reason of 
the large current flow therethrough, must by neces- 
sity include contacts having a relatively elevated 

45 surface area and configured to transfer large elec- 
trical currents flowing to the loads through the 
mechanical sequencer. As a consequence, these 
electro-mechanical sequencers typically require 
powerful electrical activators configured to effect 

so changes typically by means of rotation of contacts 
within the electro-mechanical sequencer, necessary 
to overcome frictional Interference between engag- 
ing contacts within the etectro-mechanicai se- 
quencer. These large electrical actuators for such 
electro-mechanical sequencers coupled with a fair- 
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ly bulky physical configuration for such sequencers 
by dint of the presence of relatively large, elec- 
trically conductive current transferring contacts 
within the sequencer tends to make such electro- 
mechanical timer-controllers heavy. With weight 
being at a premium on most aircraft, it is desirable 
that weight associated with timer-controllers be re- 
duced to the extent possible. 

Equally, movement of any electro-mechanical 
sequencer in such timer-controllers has traditionally 
ben dictated by a mechanical clock activating the 
electrical actuator typically to rotate contacts within 
the electro-mechanical timer sequencer to the next 
sequence position. Such clocks also have tended 
to be bulky and, fairly heavy, and accordingly, a 
timer-controller effective in reducing the weight and 
bulk required for such clock mechanisms could find 
substantial utility in the manufacture of timer-con- 
trollers for use in aircraft de-icing systems. 

Traditionally, timer-controllers have utilized one 
or more ammeters to inform operating personnel of 
an aircraft employing a timer-controller for control- 
ling sequential de-icing processes as to the quan- 
tity of electrical current flowing to any particulr de- 
icer during sequenced operation. Aircraft operating 
personnel by necessity were required to observe 
the ammeter to assure that malfunctions within one 
or more of the de-icing pads was not causing a 
disruption in de-icing function. Observation of a low 
or a particularly elevated electrical current flow 
based on ammeter readings would be an Indication 
to "the aircraft operator that the de-Icing function 
was not as desire with respect to on© or more de- 
icing pad. 

Pilots, however, in operating aircraft have a 
large number of activities to accomplish. Accord- 
ingly, systems that provide a go/no-go indication 
with respect to various functions aboard an aircraft 
have gained popularity. Particularly with respect to 
de-icers, a go/no-go indication employing, for ex- 
ample, red and green lights, could find substantial 
utility in the manufacture of de-icing systems for 
aircraft 



SUMMARY OF THE INVENTION 

The present Invention provides a timer-control- 
ler for timed, where desired sequential, application 
of electrical current to one or more Individual loads. 
The timer-controller includes a load circuit config- 
ureoyg transfer electrical current from a source 
through individual loads. In the load circuit at least 
one solid state switching means, preferably a Field 
Effect Transistor, is provided associated with each 
individual load within the load circuit. A control 
circuit is included configured to cause application 
of the electrical current through the load circuit . 



The control circuit includes a means configured 
for detecting a relative magnitude of electrical cur- 
rent flowing to a particular individual load while 
electrical current is applied thereto, also configured 
s for comparing the detected magnitude against a 
desired magnitude and further configured to pro- 
vide an electrical Indication functionally arranged to 
initiate a termination of electrical flow to the par- 
ticular individual load where the magnitude of the 
ro electrical current flow associated with the particular 
individual load undesirably deviates from the de- 
sired magnitude. The control circuit further includes 
a solid state crow-bar means Including a resetting 
means configured to terminate a flow of electrical 
iB current to a particular individual load in response to 
the initiating of the electrical indication. The timer- 
controller further includes a solid state timing 
means within the control circuit configured for ac- 
tivating the sof?d state switching means to apply 
20 the electrical current sequentially to individual 
loads for a desired period of time. 

In preferred embodiments of the invention the 
load circuit and the control circuit are operably 
joined by solid conductors in lieu of stranded wire 
28 conductors. Additionally, where solid state compo- 
nents used or utilized within the timer-controller are 
susceptible to externally generated voltage tran- 
sients that may occur at any time, whether the 
timer*controller is in operation or not at least one 
30 of the circuits includes a transient over voltage 
protection means. These protection means may in 
preferred embodiments either clip these transients 
or may pass them to load. 

The detecting means preferably includes a 
os means for introducing a voltage differential In the 
load circuit separate from any voltage differential 
caused directly by passage of the current through 
a component of the circuit not comprising the load, 
amplifier means configured to respond to and am- 
40 plify this voltage differential, comparative means 
configured to compare the amplified voltage dif- 
ferential provided by the amplifier means to an 
upper limitation thereon and to provide the initiating 
electrical indication to the crow-bar means while 
45 the amplified voltage differentia! falls above the 
upper limitation. Equally preferably, the crow-bar 
means includes a solid state switching conductor 
having a sensing electrode and configured to drain 
in a latching manner activating electrical signals 
so from sensing electrodes of the solid state switching 
means employed In the timer-controller load circuit 
and further configured to be activated by applica- 
tion of the Initiating electrical indication supplied by 
the detecting means to the sensing electrode of the 
55 solid state switching conductor, ail together with a 
means for resetting the crow-bar means. 

In preferred embodiments of the timer-control- 
ler, the solid state timing means includes a solid 
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state oscillator timer and a solid state seqencer 
with the oscillator timer being configured to gen- 
erate electrical timing signals and the ssequencer 
being operabiy connected and configured to re- 
spond to the electrical timing signals and to se- 
quence the application of electrical current to each 
solid state switching means for desired periods of 
time. Additionally, the timer-controller preferably in- 
cludes a means to activate visual indication of the 
operating status of either the load or the control 
circuits. In preferred embodiments this visual in- 
dication Is a so-called idiot light. 

In further preferred embodiments, the timer- 
controller includes a source of current at elevated 
voltage, preferably a DC-DC converter, configured 
and operabiy connected to provide a desired cur- 
rent flow at a voltage in excess of the voltage 
supply available to the load circuit together with a 
pair of comparators. One of the comparators is 
configured and operabiy connected to compare the 
amplified voltage differential to an upper voltage 
limitation and where the amplified voltage differen- 
tial exceeds the upper voltage limitation, the com- 
parator is configured and operabry connected to 
acth/ate a visual signal. The remaining comparator 
is configured and operabiy connected to compare 
the amplified voltage differential to a lower voltage 
limitation, and where the amplified voltage differen- 
tial does not exceed the lower voltage limitation, 
this remaining comparator Is configured and op- 
erabiy connected to provide a visual signal. The 
source of electrical current at an elevated voltate is 
operabiy supplied to at least one of the compara- 
tors. 

Preferably operable joinder between compara- 
tors within the timer-controller and other functioning 
devices such as the crow-bar means or the visual 
signals within the timer-controiler fs accomplished 
employing optical couplers. 

In preferred embodiments, the individual loads 
within the load circuit are electrothermal de-icing 
pads. 

The above and other features and advantages 
of the invention will become more apparent when 
considered in light of a description of a preferred 
embodiment together with drawings which foRow 
forming a part of the specification. 



DESCRIPTION OP THE DRAWINGS 

Figure 1 Is an electrical schematic of a 
timer-controller made in accordance with the inven- 
tion. 



758 a 



BEST EMBODIMENT OF THE INVENTION 

Referring to the drawing. Figure 1 depicts a 
load circuit 10 together with a control circuit 12 

5 forming a timer-controller 14 configured to transfer- 
ring^ apply electrical current available at a source 
of direct current (DC) voltage 16 to a pfurality of 
loads 18, 18* and thereafter to a point of low 
reference voltage 20 depicted in Figure 1 as 

io ground. A Junction block 22 separates portions of 
the load circuit 10' and portions of the control 
circuit 12' wired upon an aircraft or other device 
employing the timer-controller 14 from remaining 
portions of the circuits 10. 12 contained within a 

T5 timer-controller 14 aboard an aircraft. The timer- 
controller 14 is this best embodiment is a two- 
circuit board apparatus, the portions 10 of the load 
circuit contained within the timer-controller being 
placed upon a so-catled power board 24; portions 

20 of the control circuit 12 contained within the timer- 
controller 14 are configured aboard a so-called 
control board 26. These boards 24, 26 can be of 
any suitable or conventional nature but typically are 
formed of a suitable plastic material having foil 

25 circuit pathways thereon and hole therethrough 
through which holes components of the circuits 10. 
12 are positioned and fastened in electrically con- 
ducting relationship to the foils. Formation of circuit 
boards and fastening of components thereto in an 

30 operable manner In fabricating electronic devices is 
welhknown. 

The load circuit 10. 10/ both internal to and 
external to the timer-controller 14 includes a plural- 
ity of branch pathways 28, 28' configured to con- 
36 duct electrical current to the loads 18. 18'. Each 
branch 28, 28' includes one or more solid state 
switching means 30; each solid state switching 
means 30 includes a sensing electrode 32. A plu- 
rality of resistors 34 are provided and operabiy 
<to connected to assure against undeslred oscillations 
of the solid state switching means 30. PuK-down 
resistors 36 are provided and operabiy connected 
to drain electrical signals available at the sensing 
electrodes 32 with the passage of time. The pull- 
45 down resistors 36 are provided specifically to drain 
signals from the sensing electrodes 32 after shut- 
down of the load circuit 10. The sizing and selec- 
tion of pull-down resistors to perform the function 
of the resistors 34, 36 is well-known In the art of 
so circuitry design. 

A manual circuit breaker 38 optionally can be 
Included in the load circuit 10. It should be appar- 
ent that the manual circuit breaker 38 can be fuse, 
or suitable or conventional resetttng-type or non- 
55 resettirtg-type circuit breaker. 

Electrical interconnections 40, 40*. 40" are pro- 
vided between the Junction block 22 and the power 
circuit board 24 and preferably are made with and 
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from solid conductor as distinguished from strand- 
ed conductor or foil conductors on circuit boards. 
White it typically has been found In vibration prone 
service such as is associated with piston aircraft, 
that flexible stranded wire is desirable for making 
such connections and that solid connectors tend to 
undergo early brittle fracture, it has been found in 
the configuration of the present invention that solid 
conductors such as solid wire or busses in com* 
binatfon with solid wire can be utilized to effect the 
connections 40, 40'. 40" while providing quite sat- 
isfactory service lives. Surprisingly in the timer- 
controller of the invention using solid conductors 
simplifies the construction and helps stiffen the 
assembly for vibration resistance. 

A shunt 42 is present in the load circuit 10. 
The shunt 42 is configured to induce a voltage 
differential in the toad circuit associated with the 
shunt The voltage differential associated with the 
shunt is separate and apart from any voltage dif- 
ferential arising in the load circuit 10 by reason of 
electrical current flow through component elements 
of the loads 18. 18' and is proportioned to the 
electrical current flowing through the lead circuit 
10. The shunt 42 should preferably be made of a 
material that has a low temperature coefficient of 
resistance so that is has a relatively constant resis- 
tance value over a wide temperature range. 

The solid state current switching means 30 can 
be any suitable or conventional device configured 
to establish an electrical pathway for the conduc- 
tion of electrical current through the switching 
means 30 upon the application of a particular elec- 
trical signal, that is an activating electrical signal, to 
the sensing electrodes 32. Such devices are well- 
known in the art of circuit design and. for example, 
may be field effect transistors (FET). Preferably the 
solid state current transferring means 30 are not 
latching type devices, that is the means 30 are not 
current transfering means that remain in a current 
transfering or "on" state after the removal of the 
activating electrical signal from the sensing elec- 
trodes 32. 

The control circuit 12 includes a DC-DC con* 
verter timer-sequencer portion 50, a portion 52, a 
comparator section 64. and an interlock section 56. 

The Interlock section 58 includes a crow-bar 
means 58. The crow-bar means 58 functions to 
drain electrical current from sensing electrodes 32 
of the solid state current transferring means 30 In 
the event that it is desired that current flow thereth- 
rough should be terminated to protect circuitry. The 
crow-bar means 58 includes a solid state current 
switching device 60, having a sensing electrode 62. 
The soKd state switching device 60 Includes cur- 
rent conducting electrodes 64, 64'. Upon applica- 
tion of an initiating electrical signal to the sensing 
electrode 62. the switching device 60 becomes 



conductive and conducts electrical current through 
the device 60 employing the electrodes 64, 64'. In 
the crow-bar means, a pull-down resistor 66 func- 
tions to drain initiating electrical signals from the 
5 sensing electrodes 82. A capacitor 68 functions to 
decouple noise at the sensing electrode 62 and a 
second capacitor 69 functions to supress a ten* 
dency for the switching device 60 to turn on due to 
transient voltage spikes. The electrode 64 is op- 
to erably connected to or joined via diodes 70, 70/ 
and the resistor 34 to the sensing electrodes 32 of 
the electrical current transfering means 30 in the 
power circuit or load circuit 10. A pair of optical 
couplers 72, 72 function to supply electrical cur- 

15 rent to the sensing electrodes 32 of the electrical 
current transfering means 30 and the electrode 64 
of the solid state current switching device 60 via 
the dtodes 70. 70'. 

When the crow-bar means 58 Is "turned on" 

20 by the application of the initiating electrical current 
to the sensing electrode 82. then the device 60 
becomes conductive and drains electrical signals 
from the sensing electrodes 32. The electrical sig- 
nals drained from the electrodes 32 proceeds to a 

26 low reference voltage, the ground 20 in Figure 1, 
via a diode 74 and a switching means 86. 

The source of DC power 16 Is available to the 
control circuit 12 via a switch 78$. A resistor 78 
functions to assure against excessive current flow 

30 through portions of the control circuit 12. The DC 
voltage is available at a resistor 80. The resistor 80 
functions together with the resistor 66 to define a 
voltage divider. An optical coupler 82 functions to 
draw reduced voltage from the resistor 80 and 

35 applies the reduced voltage through a diode 84 to 
the sensing electrode 62 while the optical coupler 
82 is "turned on". Application of the voltage to 
sensing electrode 62 functions to turn on the 
switching device 60. Turning on the switching de- 

40 vice 60 effectively crow-bars sensing electrodes 32 
by removing electrical signals from the sensing 
electrodes 32 to turn off the devices 30 controlled 
by the sensing electrodes 32. A resistor 77 to- 
gether with a diode 79 function to provide a level of 

45 current flow or holding current sufficent to assure 
that the switching device stays latched on". 

A solid state device 88 such as an FET transis- 
tor haying a sensing electrode 88 and conducting 
electrodes 89, 89- is configured to receive a tinned 

so electrical signal at the sensing electrode 88 and 
establish a conductive pathway employing the con- 
ducting electrodes 89, 89' to operabfy join me 
conducting electrode 64 J to the ground 20 through 
the diode 74. A pulWown resistor 90 is configured 

58 to drain electrical voltage from the sensing elec- 
trode 88 while the circuit 12 is quiescent 

The DC-DC converter section 52 can be of any 
suitable cr conventional nature such as switching 
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power supplies, fly-back converters, forward con- 
verters. ofHne switching supplies, boost or buck 
regulators, push-pull converters or full or half- 
bridge converters. In this preferred embodiment the 
section 52 is a voltage ladder comprised of a 
plurality of logic Inverters 92 configured to alternate 
between a high voltage and a low voltage state 
thereby generating a square wave together with a 
ladder 94 of diodes 96 with {he rails 97 of the 
ladder 94 being interrupted by capacitors 9a 

The DC-DC converter section 52 generates a 
voltage in excess of any voltage supplied thereto. 
In the embodiment of Figure 1 voltage at 28 volts 
DC is available through a diode 89. The elevated 
voltage Is available to the comparator section 54 
via a diode 100, and an FET transistor 101 having 
a sensing leg 102. A resistor 103, zerter diode 104 
and the FET transistor 101 function to establish a 
voltage regulator assuring that the constant voltage 
is available from the DC-DC converter. 

An upper and lower voltage parameter for op- 
eration of the logic invertors 92 is established em- 
ploying an zener diode 105. This zener diode 105 
provides a voltage signal to a sensing electrode 
106 of a solid state device 107 configured to estab- 
lish a lower voltage for the logic invertors 92. A 
resistor 108 functions together with the zener cHode 
105 and solid state device 107 to provide essen- 
tially a regulated low reference voltage to the logic 
invertors 92. 

The timer sequencer portion 50 includes a 
programmable timer or so-called oscillator-timer 
110 and a sofid statB sequencer 112. Solid state 
oscillator-timers and solid state sequencers are 
known in the electronics art 

With respect to the timer-oscillator or program- 
mable timer 110. a pair of resistors, that is a 
resistor 114 and a potentiometer 118 cooperate 
with a resistor 118 and capacitor 119 to provide 
external components necessary to allow the timer- 
oscillator to oscillate at a desired speed or fre- 
quency. The resistor 114, in the embodiment of 
Figure 1. typically win be approximately i,00OK 
ohms and the potentiometer 116 will be approxi- 
mately 500K ohms with the resistor 118 being 
approximately 2.C00K ohms. The capacitor 119 Is 
typically selected at .001 micro farad. The timer- 
oscillator 110 produces an output available to the 
sequencer 112 via a pin 124. That signal is also 
available to the sensing leg 88 of a solid state 
device 88. At the sensing leg 88, the timing func- 
tion signal operates to reset the crow-bar means by 
resetting the crow-bar solid state device 60. 

A diode 126 and a capacitor 128 funtlon to 
hold power to the sequencer 112 during brief dis- 
continuities in DC power being supplied from the 
source 16. A resistor 129, a capacitor 137 and a 
diode 130 function to differentiate the signal from 



pin 124. 

Manual actuation of the switch 78 functions to 
step the oscillator-timer 110 and sequencer 112 
through the cycles of actuation of the load 18. 18'. 

s Signals available at the pin 124 of the program- 

mable timer or oscillator-timer 110 are differen- 
tiated and available at a pin 132 of the sequencer 
112. Signals received at this pm function to al- 
ternate output of the sequencer 1 1 2 between a pair 

10 of pins 134, 136. These pins 134, 136 are operably 
joined to sensing electrodes t38. 140 associated 
with solid state switching means 142. 142'. typically 
F£Ts. The solid state switching devices 142, 142* 
function to conduct electrical current through the 

is optical coupling devices 72 f 72* to a solid state 
switching means 144. The solid switching means 
144 passes the current from the solid state switch- 
ing devices 142. 142' as long as voltage is avail- 
able at a sensing electrode 146 of the solid state 

20 switching means 144. A voltage at the sensing 
electrode 146 is maintained employing a zener 
diode 150 which functions to establish a voltage at 
the sensing electrode 146; this voltage enabtes the 
control circuit 50 to function. A remaining electrical 

2$ conducting electrode 148' associated with the solid 
state switching device 144 is configured to op- 
erably join via the electrode 89 the solid state 
switching means 88 to tho means 142. Resistors 
150, 15a function to limit current flow through the 

30 optical couplers 72, 72', 

In the comparator portion 54, an amplifier 152 
having high 164 and low 154* legs is provided and 
operably connected to the operating or load circuits 
10 so that the voltage differential engendered by 

35 the shunt 42 is available across the amplifier 152. 
A pair of resistors 155, 156 are operably connected 
to the amplifier 152 to provide a gam function for 
the amplifier. The voltage amplifier 152 is config- 
ured to provide a multiple of the voltage differential 

40 engendered by the shunt 42 at an electrode 158 of 
the voltage amplifier 152. hi the embodiment of 
Figure 1 the voltage amplifier Is an LM1245J in- 
tegrated drcuit or equivalent providing a multipli- 
cation adjustable by the judicious selection of the 

45 resistors 155, 156. The voltage differential engen- 
dered by the shunt 42, if not therapriorto measur- 
able, is thereby made measurable. By 
"measurable" what is meant Is capable- of being 
utilized in control of the control circuit 14. 

so A comparator 160 is provided having high 162 

and low 162' legs and an output electrode 164. The 
multiplied voltage differential available at the elec- 
trode 158 Is available at the electrode 162. A 
voltage divider formed by resistors 166, 168 is 

ss provided to reduce voltage available from the DC- 
DO converter 62 via the solid state regulating de- 
vice 101, and the divided voltage is available at the 
electrode 162 of the comparator 160. Where the 
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multiplied voltage differential available at the elec- 
trode 16? exceeds the reduced elevated voltage 
available from the voltage divider between resistors 
166, 168 at the electrode 162, the comparator is 
configured to provide an initiating electrical signal 
at the electrode 164. 

This initiating electrfcal signal 164 Is available 
at the optical coupler 62. A resistor 170 funtions to 
protect the comparator circuit 54 against excessive 
current flow. When the initiating electrical signal Is 
available at the optical coupler 82, the optical cou- 
pler 82 generates an electrical signal available at 
the sensing electrode 62 of the solid state switch* 
Ing means 60 in the interlock portion 58. Activation 
of the solid state means 80 effectively crowbars the 
electrical current flow in the load circuit 10 by dint 
of draining activating electrical signals from the 
sensing electrodes 32 of the electrical current 
switching means 30. 

A pair of additional comparators, 172, 174 are 
provided in the comparator portion 54. The multi- 
plied voltage differential available at the electrode 
158 is made available at both a high side electrode 
176 of the comparator 172 and a low side elec- 
trode 178 of the comparator 174. An electrode 180 
of the comparator 172 Is configured to receive a 
voltage available at a potentiometer 182 configured 
to receive electrical current at a voltage established 
by a zener diode 183, In the embodiment of Figure 
1. this voltage is approximately 8.4 volts or less. 
When the voltage available at the high side elec* 
trade 176 of the comparator 172 exceeds the volt- 
age available at the low side electrode 180 ot the 
comparator 172. the comparator provides a activat- 
ing electrical signal at an electrode 184. 

An adtfitlonal reduced voltage signal is avail- 
able at a potentiometer 186 and operably joined to 
a high side electrode of 188 of the comparator 174. 
When the voltage at the high side of the compara- 
tor 174 Is not exceeded by the voltage available at 
the electrode 178, the comparator 174 makes an 
activating electrical signal available at an electrode 
188. The electrodes 184, 198 are operably joined 
through diodes 182, 19a and are available at a light 
emittingggiode (LED) portion of optical coupler 195. 
A resistor 198 functions to protect the comparator 
circuit 54 from excess of current flow. The com- 
parators 172, 174 function to establish upper and 
lower voltage limitations between which the am- 
plifed voltage differential must He. Where the am- 
plified voltage differential available at the electrode 
1§&gd&9 not lie between the voltage limitations 
established by the comparators 172, 174, the the 
optical coupling device 195 Is activated. The ele- 
vated voltage available from the DC -DC converter 
94 via the solid state regulating means 101 also Is 
made available employing a resistor 200 to detec- 
tor sides of the optical couplers 72, 72* and thereby 



is made available at the sensing electrodes 32 to 
"turn on" the output solid state switching means 
30. 

A solid state electrical current switching means 

5 202 is provided having a sensing electrode 204 
operably configured to receive electrical current 
from the source of DC current 18 via a pull-up 
resistor 208 and resistor 78. Voltage received at 
the sensing electrode 204 activates the solid state 

io switching means 202 to conduct electrical current 
from the source of DC current 16 through the 
electrical current switching means 202 and a diode 
208 to a low voltage reference, ground 20, via 
electrodes 89, 89 r of the solid state switching tie- 
rs vice 88 and a diode 74. 

An optical or visual indicator, in the embodi- 
ment of Figure 1 a green light 210. is provided 
between the source of DC current 16 and the solid 
state switching means 202 so that conductance of 

so electrical current through the solid state switching 
means 202 activates the green visual indicator 210. 

By activation of the optical coupler 195. elec- 
trical current is made available at sensing elec- 
trodes 212, 214 of a pair of solid state switching 

26 means 216. 218 respectively. The solid state 
switching means 218 is configured to drain elec- 
trical signals from a sensing electrode 204 of the 
solid state switching means 202 and thereby dis- 
continue a flow of electrical current through the 

so green visual Indicator 210. The solid state current 
switching means 218 is configured to conduct elec- 
trical current from the source of DC voltage 16 
through the solid state switching means 218. the 
diode 208, the electrodes 89. 89* of the solid state 

35. switching means 86, and the diode 74 to ground 
20. A red visual indicator or optical indicator 220 is 
positioned between the source of DC current 18 
and the solid state switching means 218 aid is 
activated as electrical current is conducted thereth- 

40 rough to ground 20. 

Dynamic transient protection is provided em- 
ploying zener diodes 230, 231 for the solid state 
devices 72, 72\ Transient clippers 232, 233 and 
234 provide transient clipping capabllty In various. 

45 portions of the circuit 14 In well-known manner. 
The transient clipping means 232-234 are config- 
ured to protect components of the circuits 10, 12 
notwithstanding that certain of those components 
may be rated for voltages of less than transient 

so voltage spikes ordinarily anticipated as potentially 
being present in the circuits 10. 12. 

Diodes 238, 238' are paired with zener diodes 
238. 238* to pass transients present In the main 
power line to the loads 18, 18" as required by 

55 applying a sufficient electrical signal to the sensing 
electrodes 32 to at least partially establish conduc- 
tance through the solid state devices 30 until pas- 
sage of the transient through the zener diodes 230, 
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231 can function via the solid state devices 72, 72* 
to apply the activating electrical signal to the sens- 
ing electrodes 32. 

In use. the timer-controller 14 is activated by 
the initiation of electrical current flow therethrough 
by closing the switch 76. The oscillator-timer 1 10 Is 
thereby activated to provide timing signals to the 
sequencer 112. The sequencer 112 alternatively 
applies activating electrical signals to the solid 
state switching means 142, 142' and thereby 
through the optical couplers 72, 72' which alter- 
nately activate sets of the electrical current switch- 
ing means 30 by means of application of the ac- 
tivating electrical signals to the sensing electrode 
32 thereof. 

Electrical current flow through the current 
transferring solid state means 30 to the loads t8, 
18' from the source of DC voltage 16 thereupon 
commences, alternating between the loads 18, 18' 
depending upon whether activating electrical sig- 
nals are available at the electrode 134 or 138. A 
voltage diffenential arises by operation of the load 
circuit 10 and the shunt 42. This voltage differential 
is perceived at the amplifier 152. amplified and the 
amplified voltage differential is made available to 
the comparators 160, 172, 174. The comparator 
160 determines whether the amplified voltage dif- 
ferential exceeds an upper limitation, an indication 
of a short circuit in one of the loads 1 18, 1 1ff, and 
if the ampJifed voltage differential exceeds the up- 
per limitation, the optical coupler 82 is activated to 
apply an initiating electrical signal to the sensing 
electrode 82 of the current switching means 60 in 
the interlock section 58. Activation of the solid state 
switching means 60 crow-bars the load circuit 10 to 
an off-state by draining electrical current from the 
sensing electrodes 32. 

Where the amplified voltage differential lies be- 
tween an upper voltage limitation at the comparator 
172 and a tower voltage limitation at the compara- 
tor 174, the green visual indicator 210 is illumi- 
nated employing the solid state switching means 
202. When the upper or lower current limitations 
are exceeded, the red visual Indicator 220 is ac- 
tivated through the solid state current switching 
means 218. The current switching means 216 
crow-bars current switching means 202 to turn off 
the green visual indication 210. 

The DC-DC converter portion 62 provides elec- 
trical current at elevated voltage for use by the 
amplifier 152* the comparators 160, 172, 174 and 
for activating the current transferring means 30. 
The solid state switch 144 serves to inhibit elec- 
trical current through optical coupling devices 72, 
72' virtually instantaneously when the circuit 50 is 
deactivated by dint of opening switch 76. 

While four current transferring means 30 have 
been shown as applying electrical current to each 



load 18. 18', depending upon the sizing and selec- 
tion of both the loads 18. 18' and the current 
transferring means 30, less than four or greater 
than four may be required. That is the particular 

s current (amperes) being conducted to the load can 
have a determining effect upon the number of 
current transferring means 30 required to effectuate 
and implement the invention. 

It should be apparent that the sequencer, while 

10 depicted in Figure 2 as sequencing between two 
loads 18, 18' can be configured to sequence 
among a greater number of loads in like or similar 
manner. 

In the circuit of Figure 1 , typically the current 
16 switching means 142, 142, 144. 202, 216. 218, 86. 
and 101 are IRFO120 Fet transistors or the like* 
Typically the voltage regulating means 107 Is a 
PNP transistor. The comparators 160. 172. 174 and 
the amplifier 1 52 can be of any suitable or conven- 
20 tlonai nature and typically are LM124J operational 
amplifiers or the like. The current switching means 
60 is typically a so-called silicone control rectifier 
(SCR). 

It should be apprent that various modification 
25 may be made to the timer-controller of the instant 
invention without departing the spirit and scope of 
the dalms that follow. Particularly, but not Ifmitin- 
gly, the current transferring means 30 can be con- 
figured to apply electrical current to a coil asso- 
30 dated with an electro mechanical relay (not 
shown) with the electro mechanical relay being 
configured to conduct electrical current between 
source of DC voltage 16 and loads 18, 18*. 

Claims 

1. A solid state timer-controller for the timed, 
sequential application of electrical current to at 
40 least one individual load comprising: 

a) a load circuit configured to apply electrical cur- 
rent from a source of electrical potential to particu- 
lar individual loads and Including therein a resis- 
tance means between the source and the particular 

45 individual loads separate from the individual loads 
configured to Introduce a measurable voltage dif- 
ferential proportional to current flow through the 
loads; and 

b) a control circuit configured to produce activating 
so electrical signals operabty connected to cause 

thereby the application for desired time periods of 
electrical current through the toad circuit sequen- 
tially to the particular individual loads contained 
within the load circuit: 
ss c) at least one solid state electrical current switch- 
ing means, including a sensing electrode, asso- 
ciated in the load circuit with each particular in- 
dividual load, the soKd state switching means being 
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each operably connected for activation by the ap- 
plication of the activating electrical signal thereto 
through the sensing electrode thereof; 

d) a solid state amplifier configured: i) to provide 

an amplification of the voltage differential and a 5 
solid state comparator operably connected to the 
amplifier and configured whereby the comparator 
compares the amplified voltage differential to a 
predetermined value, and where this amplified volt- 
age differential exceeds the predetermined value; w 
ii) to provide an initiating electrical indication; 

e) a solid state crow-bar means operably con- 
nected to the load circuit solid state switching 
means and configured to terminate flow of elec- 
trical current to a particular individual load in re- is 
sponse to the initiating electrical indication, the 
crow-bar means being configured to drain the ac- 
tivating electrical signals from the solid state 
switching means in the load circuit to terminate 
electrical flow therethrough; zo 

f) a resetting means configured and operably con- 
nected to deactivate the crow-bar means by termi- 
nating electrical current flow therethrough: and 

g) a solid state oscillator timer together with an in 
operable connection with a solid state sequencer. 25 
the timer being configured to provide electrical 
timing signals to the sequencer at desired intervals 

as determined by the oscillator-timer and the se- 
quencer being configured to receive the electrical 
timing signals from the oscillator-timer and config- 30 
ured and operably connected to initiate thereupon 
the activating electrical signals configured to apply, 
sequentially, electrical current through the solid 
state switching means in the load circuit to the 
particular individual loads within the load circuit; ss 
and 

h) the oscillator-timer being further configured and 
operably connected to provide still further electrical 
signals to the resetting means. 

2. The timer-controller of claim 1 f further in- 40 
eluding an optical coupling means configured and 
operably connected to be activated by the inftating 
electrical indication from the comparator and to 
apply the initiating electrical indication to the crow- 
bar means. 49 

3. The timer-controller of claims 1 or 2, further 
including a source of current at elevated voltage 
configured and operably connected to provide a 
desired current flow at 8 voltage in excess of a 
voltage supply available to me load circuit, together so 
with a pair of comparators, one of the comparators 
being configured and operably connected to com- 
pare the amplified voltage differential to an upper 
voltage value, and where the amplified voltage dif- 
ferential exceeds the upper voltage value, config- 55 
ured and operably connected to activate a visual 
signal, the remaining comparator being configured 

and operably connected to compare the amplified 



voltage differential to a lower voltage value and 
where the multiplied voltage differential does not 
exceed the lower voltage limitation, being config- 
ured end operably connected to provide a visual 
signal, the source of electrical current at elevated 
volage being configured to supply electrical current 
at an elevated voltage to at least one of the com- 
parators. 

4. The timer-controller of claim 3, further in- 
cluding an optical coupler configured and operably 
connected to be activated by an electrical output 
current from at least one member of the pair of 
comparators and further being configured and op- 
erably connected to originate an electrical output 
for activating the visual indicator. 

5. The timer-controller of claims 1-4, further 
including at least one dynamic transient handling 
means or transient clipper configured and operably 
connected to attenuate transients in at least one of 
the control circuit and load circuit. 

6. The ttmer-controller of claims 1-5, the load 
circuit and the control circuit being operably joined 
one to the other through the use of solid current 
conductors. 

7. The timer-controller of claims 1-6, the 
source of electrical current at elevated voltage be- 
ing a DC-DC converter. 

8. The timer-controller of claims 1-7. the in- 
dividual loads being electrothermal de-icers. 

9. In method employing a solid state timer- 
controller configured for sequential application of 
electrical current to individual loads, the individual 
loads being contained within a load circuit config- 
ured to apply electrical current from a source of 
electrical potential through the individual loads to a 
point of low reference voltage and including therein . 
a resistance means for introducing in a voltage 
differential between the source and the individual 
loads Independent of the individual toads, and fur- 
ther including a control circuit configured to cause 
application of electrical current through the load 
circuit sequentially to individual loads contained 
within the load circuit for desired time periods, the 
steps comprising: 

a) employing a so (id state electrical current switch- 
ing means within the load circuit, transferring elec- 
trical current to individual loads and activating the 
soKd state current switching means by application 
to an activating electrical indication to a sensing 
electrode thereof; 

b) comparing a signal representing the voltage 
differential to a predetermined voltage, and where 
the predetermined voltage is exceeded by the sig- 
nal representing the voltage differential, providing 
an initiating electrical Indication; 

c) employing a solid state crow-bar means, drain- 
ing the activating electrical indication from the solid 
state switching means in the load circuit to termi- 
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nate electrical flow therethrough by activating the 
sofid state switching means in response to the 
initiating electrical indication; 

d) providing electrical timing signals from a solid 
state tfmer-osciilator and employing a solid state 5 
sequencer responsive to the electrical timing sig- 
nals, providing in response to the electrical timing 
signals sequential application of the electrical cur- 
rent through the solid state switching means in the 

load circuit sequentially to the individual toads; 'o 

e) periodically resetting the crow-bar means. 

10. The method of claim 9. including the step 
of optically coupling the source of Initiating elec- 
trical indication to provide an optically transmitted 
Initiating electrical indication to the crow-bar ts 
means. 

1 1 . The method of claims 9 or 1 0. including the 
steps of: I) comparing a signal representing the 
voltage differential to an upper voltage limitation, 

and where a signal representing the voltage dif- zo 
ferential exceeds the upper voitage limitation ac- 
tivating a visual signal; ii) comparing a signal repre- 
senting the voltage differential to a lower voltage 
limitation and where a signal representing the volt- 
age differential does not exceed the lower voltage es 
limftation. providing a visual signal; and iff) provid- 
ing a source of electrical current at a voltage in 
excess of a voltage supply available to the load 
circuit and employing the elevated voltage in mak- 
ing the comparison between a signal representing ao 
the voltage differential and the upper voltage limita- 
tion. 

12. The method of claims 9-11. further includ- 
ing the step of optically coupling the electrical 
signals resulting from comparison of a signal repre- 36 
seating the voltage differential wlfr the upper and 
Jower voltage limitations with the visual Indication. 

13. The method of claims 9-12, further includ- 
ing the step of clipping transients present In at 
least one of the circuits* <o 

14. The method of claims 9-1 3, including the 
further step of operably joining the load and control 
circuits employing solid state conductors. 

15. The method of claims 9-14, including the 
further step of utilizing a DO DC converter as the 45 
source of current at an elevated voltage. 

16. The method of claims 9-15. the Individual 
load circuit being at least one electrothermal de- 
icer. 

so 



55 



10 



PAGE 12/14 ■ RCVD AT 9/11/2008 10:16:58 AM [Eastern Daylig ht Time] " SVRiUSPTO-EFXRF-5/17 * DNIS:2738300 ' CS!D:7035185499 * DURATION (mnhss):0548 



/2006 HON 10:17 FAX 7035185499 



0013/014 



0 274 758 




■ RCVD AT 9/11/2008 10:16:58 AM [Eastern Daylight Time) • SVffcUSPTO-EFXRF-5/17 " DNIS:2738300 - CSID:7035185499 * DURATION (rnm^s):05^8_ 



09/11/2006 HON 10:17 FAX 7035185499 



)14/014 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 87 11 9419 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of ifocumeot with indication, where appro pri ate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OP TITE 
APPLICATION (tot. CT.4 ) 



EP-A-0105410 (THE B. F. GOODRICH COMPANY) 

* page 5, line 5 - page 11 , line 29; figures 1-3 



GB-A-1167S7B (LICENTIA PATENT VERWALTWQ 
G.M.B.H.) 

* page 5, line 28 - page 5. line 66 » 

EP-A-0040017 (LUCAS INDUSTRIES UNITED) 

* page 6, Una 26 - page 7, line 4 * 

* page 17, Una 2 - page 17, line 20; figures 1, 
2„ 16 * 

US-A-4363Q64 (W. BILLINGS ET AL.) 

* column 3, line 48 - column 5, line 62; figure 
1 * 

US-A-4376968 (R. VWESCHIMSKI ET AL.) 

* abstract; figure 1 * 

US-A-413B223 (K. HOUMES) 

* abstract; figure 1 * 



The present fxatch report feas been drawn op for oil claims 



1, 9 
1, 9 
1. 9 

I. 9 

1. 9 

2. 10 



G0BD23/19 
K05B1/02 
B64015/1Z 



TECHNICAL FIELDS 
SEARCHED fjst CL4 ) 



B64D 
G0SD 
H05B 



THE HAGUE 



Pole of con^toltan or U» ccarrti 
03 t£)VEMBER 1989 



Kxavlocr 

HELOT H.V. 



CATEGORY OF CITED DOCUMENTS 

X i partfcstaiiy rcJcvait if taken aim 

Y x port teal arty relevant If conblned mfk aetrtber 

dsansen of tte same category 
A : iQcknofogjca] background 
O : non-nriueo dtednsure 
P : Intermediate documeU 



T : taenry or prtodpte ondcrtvtng the liremlon 
E : eariter patoni docotnent, bnl pobllshsd an, or 

after the fifing data 
D : dacamckt ciiod b» the application 
L : document cited for ctticr reasons 

& : mcmbtrr of (ho eamo potent family, corrcsooodiog 
doceracnt 



'ACE 14/14 • RCVD AT 9/1 1/2008 10:16:58 AM (Eastern Daylight Time) • SVR:USPTO-EFXRF-5/17 " DNJS:2738300 ' CSID: 70351 85499 * DURATION <mn>ss):05-08 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



Lfl LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ 




